Objective: To analyze the relationship between body weight variability and dementia more than 3 decades later.
Increasing prevalence of obesity and overweight, 1 and studies showing that body weight 2 and changes in body weight 3 are associated with cognitive decline and dementia, stress the importance of understanding their role in cognition. This relationship may be complex since several weight-related factors have been demonstrated to be involved with increased risk for dementia, namely overweight, 4 underweight, 5 and changes in weight over time. 5, 6 Body weight variability has been shown [7] [8] [9] to be associated with significantly increased morbidity and mortality (but see reference 10). Weight fluctuations, but not stable obesity, were associated in some studies with increased risk for all-cause mortality. 8 The aim of the present study was to analyze the relationship between body weight variability in over 9,000 men who participated in the Israel Ischemic Heart Disease Project (IIHD), with dementia in more than 1,600 survivors of the original cohort more than 3 decades later. The measurement of body weight variability was based on 3 successive weight recordings in 1963, 1965, and 1968 , when subjects were 40-70 years of age. The prevalence of dementia was assessed more than 36 years later in survivors of the original cohort (n 5 1,620). METHODS The Israel Ischemic Heart Disease Project. In 1963, the sample of the IIHD was chosen by stratified sampling of civil servants and municipal employees aged 40 years and above at the time of inclusion. Of 11,876 men approached, 10,232 (86.2%) agreed to participate. The subjects were seen upon enrollment (1963) and at 2 follow-up visits (1965 and 1968) . Analysis excluded 173 men born outside 6 predefined geographical areas. Further details of the study have been described elsewhere. 11 Socioeconomic status index at baseline. The Socioeconomic Status Index (SES) was based on formal education and the type of employment. Formal education included 9 levels ranging from "no formal education" to "completed university education." Employment was the current one at the time of examination (1963) and included 5 levels ranging from "laborer" to "professional." The SES scale ranged from 1 ("very low SES"; 3 lowest education levels and lowest employment level) to 5 ("very high SES"; 3 highest education and 2 highest employment levels). 11 Leisure time physical activity at baseline. In 1965, subjects were asked the following question: "What degree of leisure time physical activity to you practice?" The answer that describes best the degree of physical activity was to be chosen by the subjects: 1) almost no physical activity, 2) inconsistent physical activity, 3) daily physical activity, 4) daily effortful physical activity.
Intentional weight-losing diet. Subjects were asked in 1963 if they were on a diet. For those who answered "yes," 6 options were given as main reason for diet (each reason could be answered "yes" or "no"): heart disease, hypertension, diabetes, peptic ulcer, reduction of dietary fat, or "other" (e.g., vegetarian).
Stratification of subjects to groups according to body mass index and SD between weighing. Subjects were stratified by the 1963 BMI measure to 4 groups: body mass index (BMI) ,20 kg/m 2 (group I), 20 kg/m 2 , BMI , 24.99 kg/m 2 (group II), 25 kg/m 2 # BMI , 29.99 kg/m 2 (group III), and BMI $30 kg/m 2 (group IV). Groups of men were also stratified according to quartiles of SD of weight change among 3 measurements (1963, 1965, 1968 ): #1.15 kg, 1.16-1.73 kg, 1.74-2.65 kg, and $2.66 kg. The analysis regarding associations of weight variation with dementia is based on 4,863 measurements in 1,620 survivors with weight measurements in all 3 examinations.
Diagnosis of dementia.
Dementia assessment was performed in 1999/2000 in survivors of the original cohort, 36-37 years after weight assessments. Cases of dementia were identified using a 2-step procedure as described in detail elsewhere. 12 The first step was a telephonic screening interview of subjects who consented to participate. They were administered the Hebrew version of the Modified Telephone Interview for Cognitive Status (TICS-m). 13 The second step was a face-to-face interview with all the subjects with a TICS-m score of 27 or lower, aimed to ascertain the diagnosis of dementia among subjects who were identified by the TICS-m as possibly cognitively impaired. The subjects were assessed by a neurologist or psychiatrist, blind to the TICS-m score. The clinical assessment included the Dementia Questionnaire, 14 Mini-Mental State Examination, 15 Global Deterioration Scale, 16 and Hachinski Ischemic Scale. 17 Dementia was diagnosed using DSM-IV criteria. 18 Subjects were classified as cognitively impaired no dementia (CIND) if both subject and informant reported a memory problem but they had normal activities of daily living and no dementia. The primary analysis compares subjects unequivocally with dementia to subjects unequivocally without dementia, excluding the CIND subjects, who are heterogeneous, with some subjects early in the course of cognitive decline.
According to the Israel Mortality Registry, 7,136 men had died by the beginning of the study in 1999; another 306 men died before being approached for a phone interview and 13 subjects were lost in the matching process. The remaining 2,604 subjects qualified for a telephone interview, of whom 2,038 had phone contact. The telephone screening identified 799 subjects potentially with dementia for a home interview. Of these, 149 could not be examined. Of the remaining 1,239 subjects who were not identified as potentially having dementia by the TICS-m, 51 were examined at home for a sensitivity study of the phone interview instruments; 50 were cognitively intact and 1 cognitively impaired but without dementia. The remaining 1,188 subjects were classified as no dementia. Thus, the follow-up study characterized the presence or absence of dementia in 1,889 subjects: 307 had dementia, 175 had CIND, and 1,407 elderly subjects had no cognitive impairment. Individuals who had survived until 1999/2000 were younger and taller, with lower BMI, glucose, and total cholesterol levels, lower systolic and diastolic blood pressure (SBP/DBP) values, and included fewer baseline diabetic and cigarette smokers. Their SES was slightly lower. The groups had similar average weight and high-density lipoprotein cholesterol levels. 19 Standard protocol approvals, registrations, and patient consents. The study was approved by the Sheba Medical Center Helsinki committee.
Statistical analysis. An order-directed score test for trend 20 was used to test the departure of sample results consistent with a doseresponse association between BMI categories assessed in 1963 and late-life dementia prevalence from a null hypothesis of an independence of dementia rates from BMI. The same was applied to categories of increasing BMI variation (SD 1963 (SD /1965 (SD /1968 ). Logistic regression was used to estimate the covariate (age, SES, body height, weight at baseline, diabetes)-adjusted odds for dementia prevalence, at the 3 highest quartiles of SD (weight), relative to the lowest quartile.
The relationship between survivors' dementia prevalence and weight variation was examined using the Royston-Altman regression using polynomials of continuous covariates. 21 A transformation of the SD of weight, computed from the 3 measurements in 1963/1965/1968, was employed.
An issue in the setting of the study is the absence of information on dementia incidence between 1968 (last weight assessment) and 1999/2000. This may present bias to an analysis of the association between the weight variability in 1963/1965/1968 and dementia in 1999/2000. To account partly for the potential bias, we used an adaptation of a marginal structural model (MSM) 22 applying inverse probability weights (IPW). We estimated the probability of every individual to actually reach the assessment phase in 1999/2000. In subsequent analysis the SD of the 1963/1965/1968 weights for each person was multiplied by the inverse of the individual probability. This was introduced into a logistic regression to examine the association between survivors' dementia and weight variation 1963/ 1965/1968. We compare the results of analysis using this method with analysis that did not take the above potential bias into account. Dementia prevalence was 23.6%, 17.7%, 17.6%, and 23.0% in subjects with midlife BMI groups I, II, III, IV, respectively. Compared to optimal BMI (group II), subjects in the lowest and highest BMI groups were at the highest risk for dementia; however, these differences did not reach statistical significance (table 3) . No such associations were found between quartiles of weight change SD and CIND (n 5 167) prevalence (6.9%, 6.4%, 7.1%, and 6.8% in the first to fourth quartiles, respectively).
RESULTS
Transformation of weight change SD. We used fractional polynomials to investigate whether the association of variability in weight with dementia may not be linear. The best fit was obtained applying a power of 0, i.e., using log (weight change SD). However, including age as covariate invoked a power of 0.5, namely the square root of weight change SD. When SES was adjusted for, a power of 3 yielded the best fit. Using a second degree polynomial adjusting for age yielded powers 22 (inverse of weight change SD squared) and 21 (inverse), whereas adjusting for SES or both age and SES both the log and third power transformations were obtained as the best transformations. Examining these data applying the Box-Tidwell transformation yielded (for age-adjusted association) a power of 0.25 with an associated odds ratio (OR) of 4.26 for the transformed independent variable. Testing of the deviation from a linear model was not statistically significant (p 5 0.27). If the quartiles of weight change SD are used, the best fitting transformation is obtained with power 5 1.327, again not departing significantly from linearity. To address the issue of competing risk with mortality, we performed inverse probability weighting. Compared to the first quartile of weight change SD, the adjusted hazard risk ratios (adjusted for smoking, diabetes, cholesterol, and SES) for mortality by time of dementia assessment were 0.95 (95% confidence interval [CI] 0.89-1.02), 1.01 (95% CI 0.94-1.09), and 1.08 (95% CI 1.01-1.17), respectively, for quartiles 2-4. Nevertheless, we calculated IPW to apply a model accounting for bias due to failure of most participants to reach the dementia assessment phase. The predictors of reaching that phase as estimated by logistic regression were younger age (adjusted OR 5 0.44 per 5 years increment), low SBP (OR 5 0.68 per 20 mm Hg increase), high SES (OR 5 2.69 for lowest vs highest category), absence of baseline diabetes mellitus (OR 5 0.35 for diabetics), not smoking at any time (OR 5 0.65 for smokers), and low serum cholesterol (0.88 per 40 mg/dL increase). Probabilities of reaching the above phase were calculated on the basis of the above risk profile. Individual weight change SD (1963) (1964) (1965) (1966) (1967) (1968) were subsequently multiplied by the inverse of the corresponding probabilities to create the weighted variable. Using quartiles of the Table 3 Multivariate analysis of OR for dementia in BMI groups I, III, and IV compared to group II (optimal BMI) 23 intentionality of weight loss, 24 and dietary factors 23 known to be associated with weight change, morbidity, and mortality did not appear to confound the association. Results remained essentially unchanged when we analyzed the effect of survival bias (using the IPW model).
The relationship of baseline (1963) BMI with risk for dementia was consistent with a U-shaped curve such that compared to men with desirable BMI, lean body mass and obesity were at higher risk for dementia more than 3 decades later. Overweight was not associated with increased risk for dementia. The latter findings, however, did not reach statistical significance.
The association of variation in midlife body weight and risk for dementia varies across studies. In the Honolulu-Asia Aging Study, subjects with and without dementia at old age did not differ with respect to baseline weight or weight change from mid to late life. 6 Others reported that women, but not men, who subsequently developed dementia began to lose weight compared to subjects without dementia as long as 11-20 years prior to onset of dementia. 25 Similarly, a slower weight gain between midlife and old age was observed in women who subsequently developed dementia. 26 Discrepancies between studies may arise from the different populations studied (sex, age at baseline) and methodologies applied (number and frequency of weight measurements, method of dementia assessment, definitions used for variability in weight).
The importance of the current findings relates to the observation that body weight variability in a relatively short time period (5 years) during midlife or late adulthood is associated with dementia.
Pathways associating variability in body weight and dementia may be mediated by cardiovascular risk factors, 27,28 insulin resistance, 29 or personality factors [30] [31] [32] (high neuroticism and low conscientiousness), all of which are associated with both weight cycling and dementia. 33, 34 Previous studies differed in their findings regarding the relationship between body weight per se and dementia. Some have shown that both low and high BMI at midlife were associated with increased risk for dementia at old age, 35, 36 while others have found an association of overweight or obesity (but not low BMI) with risk for dementia. 37, 38 Inconsistencies may be explained by the different measures used for body fat, or by lack of association leading to coincidental findings.
The strengths of our study are the relatively large sample size and longitudinal design and an abundance of data regarding midlife demographic, social, biomedical, physical activity, and nutritional data, including intention to lose weight, all of which may mediate the relationships of body weight during midlife with cognitive compromise at late life. Weight was measured more than 3 decades prior to dementia assessment, thus minimizing the possibility that changes in weight were affected by the dementing process itself.
The main limitation of this study is the lack of information on the incidence of dementia in the subjects from the original IIHD study reported dead before the follow-up study was conducted, or in those who were not accessible to us at the phase of dementia assessment. However, when we applied the MSM model to compensate for the probability of selective survival, results remained essentially unaltered.
The effect of weight and changes in weight may differ according to sex, 25 limiting our ability to generalize the results.
Brain imaging was not performed as part of dementia assessment, thus preventing information about vascular/structural changes that may underlie the association between variability in body weight during midlife. It should be noted that at the relatively old age of the sample at dementia assessment, the degree of mixed neuropathology is high, 39 perhaps adding complexity to the potential mechanisms underlying the association between stability in weight and cognition.
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